Ferula ferulaeoides is a highly valuable medicinal plant native to Mongolia. In vitro seed germination effi ciency of F. ferulaeoides was low, and it required cold stratifi cation for longer than 21 days and exogenous application of the hormone gibberellic acid (GA3) for germination. Cotyledons, hypocotyls and roots of two week old seedlings were cultured on Murashige and Skoog (MS) media supplemented with diff erent auxins including 2,4-dichlorophenoxy acetic acid (2,4-D), napthalene acetic acid (NAA) and indole-acetic acid (IAA) and cytokinin 6-Benzylaminopurine (BAP). This experiment showed that combination of BAP (0.5 mg/L) and auxins IAA and 2, 4 D was the most effi cient media for callus initiation from in vitro germinated seedling explants. Callus was sub-cultured with 4 weeks interval on the same media as callus initiation for a long term maintenance. 
Introduction
Ferula ferulaeoides is a herbaceous perennial plant of the umbelliferae (Apiaceae Lindl. 1936 ; Umbelliferae Juss. 1789) family. Ferula is a genus encompassing about 160 species, and seven species of this genus have been recorded in Mongolia.
Ferula ferulaeoides is a wild plant native to Mongolia. There is a study indicating the decline of population due to overharvesting of roots, seeds and herb of this rare plant for medicinal purposes (Suran, 1997) . This species has been assessed as endangered because of poor regeneration in the nature and very limited geographic range (Nyambayar et al., 2011) . Ferula ferulaeoides grows on desert gravels and occurs in Mts. Mongol-Altai (Yamaat mountain, Songino river) and Zhungarian Gobi. F. ferulaeoides lives typically 10 to 12 years and it fl owers only once at the end of its life. The plant dies after its fl owering, producing large number of seeds. Young plants produce more leaves each year and roots enlarge in size (Fig. 1) , reserving active compounds and gum resin.
The large number of Ferula species exude a gum resin, which is considered as a valuable medicinal drug in India, Pakistan, USA, Sweden, Germany and Portugal (Fernch, 1971) . Gum resin obtained from the root of some Ferula species is used as an ingredient of more than a hundred traditional prescription of oriental medicine. Local people use it for anti-infl ammatory purposes and for wound treating. In some countries oriental medicine consider it to contain sedative, carminative, antispasmodic digestive, expectorant, laxative, analgesic, anthelmintic, antiseptic and a diuretic properties (Abd El-Razek et al., 2001) . Some photochemical studies of this genus showed interesting results, such as the 54 occurrence of sesquiterpenes and sesquiterpene coumarins (Kojima et al., 2000; Su et al., 2000; Abd El-Razek et al., 2001) . Kojima et al. (1998 Kojima et al. ( , 2000 isolated several sesquiterpenoid derivatives from this plant to evaluate its treatment of spasm. Recently, a sesquiterpene coumarin isolated from the roots of F. ferulaeoides has been reported to bear anti-proliferative activities toward diff erent types of cancer cells and induce apoptosis in C6 glioma cells (Zhang et al., 2015) . These fi ndings indicate that there is a high demand of this medicinal plant.
Protocols for in vitro propagation of some highly valuable medicinal species of Ferula, e.g. F. assa-foetida (Otroshy et al., 2013) and F. gummosa (Bernard et al., 2007) have been established. As for today, there is no report on in vitro propagation of F. ferulaeoides.
Materials and Methods

Plant material
Seeds, roots and whole plant materials of F. ferulaeoides were collected from District Bulgan, Province Khovd, Mongolia and kept at 4 o C. The seeds were rinsed and soaked in distilled water for two hours, seed surface was surface sterilized with 70% ethanol for 90 seconds, followed by gentle agitation with 4% sodium hypochloride for 20 minutes, and then rinsed four times with sterile distilled water. The surface sterilized seeds were germinated on Murashige and Skoog (MS) basal medium supplemented with 3% sucrose and solidifi ed with 0.7% agar. The pH of culture medium was adjusted to 5.8 before agar was added and sterilized by autoclaving at 121 o C for 15 minutes.
Callus induction
Two-week-old seedlings were used as the source of explants. Cotyledons, hypocotyls and roots were cut aseptically into about 5-10 mm pieces and placed onto MS media supplemented with auxin ( 
Statistical analysis
Percentage of callus induction was calculated according to the following formula: Percentage of callus induction= (Number of explants formed calli/number of cultured explants) × 100 (Arzani & Mirodjagh 1999) . Callus index was calculated with the following formula: (n × G)/N where: n, total number of explants callused; G, average callus rating on explants, and N, total number of explants cultured. Analysis of variance (ANOVA) with mean separation by least signifi cant diff erence (P<0.05) was used to compare means of diff erent treatments.
Results
Seed germination
Dormancy and germination requirements were investigated in seeds of F. ferulaeoides. When seeds were plated on MS media and incubated directly in plant growth chamber at 26 o C under 16 hour photoperiod, there was no germination at all (200 seeds were plated). Seeds were subjected to diff erent treatments including various levels of GA3 and BAP, and cold stratifi cation at 4 0 C for diff erent times (Fig. 2) . Cold stratifi cation was carried out at 4 o C for 7, 14, 21, 28 and 42 days after plating. For F. ferulaeoides seeds, cold stratifi cation longer than 21 days was appropriate. Seed germination rate was low, in total 200 seeds were plated and number of germinated seeds were 12. Germination of seeds was observed on MS media supplemented with GA-3 (Table 1 ). There was no infl uence of BAP on F. ferulaeoides seed germination.
Callus induction from whole plant explants
Roots, leaves and stems of F. ferulaeoides were used as explants for callus induction on MS media containing plant hormones BAP, NAA and kinetin at concentrations 0.5 mg/L -2.0 mg/L in more than 30 combinations. Growth conditions were at 26 o C under long day and dark conditions. No callus was induced from explants of wild F. ferulaeoides.
Callus induction from in vitro germinated F. ferulaeoides.
The two-week-old seedlings were used as the source of explants. Cotyledons, hypocotyls and roots were cut aseptically into 5-10 mm long sections and placed onto MS media supplemented with auxin (0.5 mg/L NAA, 0.5 mg/L IAA, and 2,4 D at concentrations of 0.1 mg/L, 0.5 mg/L, 1.0 mg/L , 2.0 mg/L) and cytokinin (0.5 mg/L BAP) for callus initiation (Fig. 3) . Callus started to develop after 10 days from root explants fi rst. Callus was white and soft. The experiment showed that a combination of BAP plus IAA and 2,4 D was the most effi cient media for callus initiation from in vitro germinated seedling explants. Callus formation rate varied widely among the types of media. The percentage of explants that developed calli ranged from 33.33% to 100% among the explants (Table 2 ). Statistical analysis revealed signifi cant diff erences among the growth hormone combination on callus induction (P<0.05). BAP (0.5 mg/L) with IAA (0.5 mg/L) had the highest callus induction rate (100%). There was no callus formation on media containing BAP and NAA. Callus formation was signifi cantly infl uenced (Table  3) . In order to establish a long term maintenance of callus, it was sub-cultured on same media as callus initiation 4-5 times with 4 weeks interval (Fig. 4 A, B) . Upon successive subcultures, root explants formed on media supplemented with BAP and IAA maintained callus type, which was friable and white.
Discussion
In this study, we report a protocol for callus induction of in vitro grown F. ferulaeoides. Requirement of the cold stratifi cation is reported for some Ferula species (Otroshy, 2013). For F. ferulaeoides, cold stratifi cation is not solely suffi cient for germination. In vitro seed germination was achieved by stratifi cation with exogenous application of GA3 at concentration 0.3 mg/L and cold stratifi cation for 21 days at 4 0 C. Hypocotyl, cotyledon and root explants were used for callus induction and results indicate that root explants are the most suitable for callus induction and also for long term maintenance. Callus started to develop on root explants faster compared to hypocotyl and cotyledon, and maintained callus growth and texture when subcultured on MS media supplemented with BAP (0.5 mg/L) and IAA (2.0 mg/L).
In conclusion, we established callus initiation and a long term maintenance condition for in vitro grown F. ferulaeoides. Once established, individual callus cultures can be subcultivated over decades. Callus contains meristematic plant cells that are considered as being totipotentthat is, they may be diff erentiated and fi nally regenerated to intact plants (Kreis, 2007) . Callus can, therefore, be used as a starting material for organ and plant regeneration.
